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TORENORD

This ropert reprerents o selective review of the recent literature
Aeaiiv.: «15%h self-instruction and the eutomation ot teaching. This litera-
tre has yrove so rapnidly and so protusely of late that workers in the field
have tonng it diffienlt to keep abreash of it. It is hoped that the present
report will provide a summerv of emerging issues and that it will serve as a
neint of reference for future resesrch and development in this field.

The anthor wishes te acknowled e his indebtedness to the many people
who have leaned nim their unpublished manuscripts and who have thus, or in
nerscenal discussion, stimulated his thinking. They are too numerous to
mertion indivicually. Dr. J. 2. Sidowski and Mr. F. F. Kopstein reviewed
<he rmnusaript end made several helpt'ul suggestions.

Nork on this report was originally begun because of the author's
interest ir selif-instruction. It was later amplified and submitted to the
Truining Psycholo;v Pranch, Aerospace Medical Laboretory as part of the
author's sorvice as & consultant under Air Force Contract No. 33(616)-6526
with the "nivercity o Dauyton. The report is published in supvort of
Froiact 1710, "Yuman Factors in the Design of Training Equivment,™ Dr.
Merty . Rockway, Proiect Scientist, Task 77535, "Automatinn of Training
Svshems,” Mr. Felix F. Kopstein, Task Scientist
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ABSTHACT

Dy eleCFiVC review of the literanture on‘svlf-instructionnl dev?ces is
énﬁ ewted,‘WIth omph2515 on those studies which provide for a {'unctional
th\1V° is of such devices. Three major classes of variables which influence
ok effectlvene s of l‘ﬂrhln" by means of selt'-instructional devices Are:

te

Cr
mg

QracterISLlC of the device, characteristics of the pro;ram, and charac-

lsrics ©! the learner.

Neqor attention is dP ‘oted to en analysis of the procesc ot prorramming,
the srrériement of the materials to be leerned in prover seguence which

xlm ze5 rate of learning ard degsree of retention. Discuscsion is focussed

Q& pymb€l of variables of which the effectiveness of the process of pro-

;b Tmins mizht be a functier. Some of these variables have not yvet been
! o . . .
ul Jogted “© €Xperimental analvsis. A working model is presented, based
Doy, whe familiar nrocesses of conditioning.
PIMLICAT i (N uwy Iy
This FEPOrt has been reviewed and is aorrcved.
o R
R Tur CO"‘ R
Y 075 K a st
NALTER F. GRETYER
Director of Crerations
Aerospace Medical Laboratory
WAD ‘s
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[MTRODUCTTON

Self-instruction holds out the promise to solve, or alleviate wany of
the oroblems that beset education and training. The primary purpose of
this report is to present a review of a portion of the Uast-growing litera-
ture on the design and utility of self-instructional devices. Special
attention will be piven to those studies which provide for a functional
analysis of such devices.

Other reviewers have concerned themselves with differ .t asrects of
the literature on automated instruction. Pressey (28), Skimnner (34), and
Ramo (29) have written brief histories on the subject and have discussed
some of its economic, social, and even politicel implications. Skinner
(33) and Gilvert (11, 12) have present rationales for self-instructional
devices, based upon generally accepted principles of learning. Finally,
Porter (24) has reviewed the evaluation studies which compared the
effectiveness of automated instruction with instruction by the more con-
ventional procedures. Porter also vresented an excellent system of
classification of the many types of devices which have been suggested as
useful adjuncts to the teaching process. The present paver will rot be
directly concerned with a review of these aspects of the literature.

Brieflv, & self-instructional device might be thoupht of as an auto-
matic tutor that presents the learner with & series of problems each
requiring some appropriate action on his part. In his review of the
literature on the many types cf devices employed, Porter (24, pp 130-131)
has listed three essential features which distinguish the self-instructional
device or teaching machine from the teaching aid. First, the self-
instructional device provides a sequence of problems which are designed
to take the learner frcm & low to a high level of proficiency in a given
subject. Frequently, the problems also contain information which helps
the learner respond correctly. The sequence of problems is graduated
carefully so that the probability of responding correctly to & given
problem is quite high, provided that previous problems have been correctly
answered. The sequence of problems employed in a particular learning
situation is sometimes called the program.

The second essential feature of & self-instructional device is that
its use requires some action by the learner at every stage of the program.
With some devices the learner must answer each problem correctly before
being presented with another, while other devices permit occasional errors.
The latter usually provide for recycling the program. The third require-
ment of & teaching machine is that the device vrovide immediate confirmation
or knowledge of results about the correctness of the learner's responses.
Porter believes that devices having all three of these features might
properly be called teaching devices, since no human teacher is mediate
between the learner and the device. He sugiests that other devices, such

WADC TR 59-503 1



binckbor rar, wmo e ey, nnd U bme, mipht best be thonght of

[T A S R N R
hn PR ERNEN

ne ool vidn, cince nUoncnor must o pertorm one oromore ot the three
engen o Tunetens . *
PACAN L e R R e S VRV RSE CF ORLE = TLSTRUCTTORAL DEVIIES

A corei ferenie vortion off the recesrch on gelf-instructionnl devices
has beeen Lne Uorn, of evaluation slwlies, in which the effectiveness of
teaching wv wher To nms en comrared with tewching by some more conventional
method of instroction. The present writer sharcs with Gilbert (11, o 29)
the view Lnet wilie o ocertaip amonnt ot evaluation resenrch 1s necessary

in order to justity continued interest in the basic concent of automated
instrucslon, the “.rtion of research effort should be devoted to an
exrerimennul apnly fe 0 e parameters which influence the effectivencss

RIS

cf gelt-instructionsnt - ey
A distinct.on mayv - o amon, three classes of variables of which
vhe etf'fectivenese o u instruction may be & functicn. They are
charscterictics o the dewl o, o the program, and or the learner. Each
ol these classes of varioso - 2311 be discucsed in some deteil, and the
pertinernt regearcn tintin ¢ <01 De svmmarized.
CHARACRALO, "8 ¥ THY DREVISE

P-invtructional device may be thought
of as havin, four ma jor compon:rts: +} & ditplav, which presents the
prosram; (2) A respence narel, wrnich oo learner usces in forming his
rerponse; (3) ¢ coniirming mecnenism, w:ich provides the lesrner with infor-
maticn as to the .orrectuess of his res:;cnce; and (4) a reinforcement
mechanism, which provides the impetus fir~her operation of the device.*
This four-fold analysis estahlishes & framework in which to

vlace a discussicn of research on charuacteristice of self-instructional

devi

For purposcs ci' discusesicn, 8 ¢

[N
Lo

conveileny

CCSe

Display or Input Characterist’ics

Porter (23) has reviewed the literature on the devices which quelify
as self-instructional devices, according to his criteris. No attempt will
be made to describe the devices in the present vaper. Suffice it to say

* The confirming end reinforcing mechanisms are assumed to be combined in
some types of self-instructional devices.
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LLAOL wOrKers nave used meennnion., olectarieal, nond opticnl components Lo
vrvsent moterinls Lo Lhe lewasoore Oue very simple device seems sabf-
Pieinntly unique to warrnnt soecial pote.  Jrowder (&5, nnd Homme and
Sluser (15) have aeveloved wwo different types of proprams in the Uorn
et rnaicntly moditied textboern,

Forter nes distin-uisned betweon wwo imporsant ways ol presenting
the orogram.  The first way mi-ht be aulled "lesrner-paced,™ in which the
device "waits" for the lemrner to respond netore 1t reacts.  “oth Presaey
and Skinner hnve muce use of this technigue. The recond way of prosent-
iny, the program misht be called "machine-puced," in that a piven proolem
is presented tor a veriod of time and then the mechine nets, whether or
not tne learner has responded to the oroblem. The well-<rown memory arwun
is an evanmonle ot this latter way of presenting the propram.

silbert (12, pr 2%-6) hus discussed some of the oracticul pronlems con-
nected with the presentation of materials, but Lo Lhe writer's knowleape,
no investigator hus compared the effectiveness of two or mere menncds of
rresentin,: the nroyran to the learner. One reresrch vrotlem which mipght
well receive immedinte auttention is the relative erticiency of proup-puced
(e.c., motion pictures) versus lesrner-paced devices. Lumsdeine (20) hss
pointed to some of the similarities and differences between the two tyves
of presentation.

A grest deal of research is necessary vetore we know much about the
ortimum meuns of oresertin, materials tor sutomated instruction. It is
likely that the most effective means of nresenting the program will vary
as a function of such other variebles as the resnonse characteristics of
the device, the type and amount of subject mestier to ve learned, and
perhans with the characteristics ot the learner.

Response or Outout Tharacteristics

Two basically di f'f'erent moues of opersting teaching machines have
been employed. Following the lead of Pressey (27), many have used the
recognition or multiple-choice method of responding. Others have employed
Skinner's reccmmended construction or fill-in method of responding. Gilbert
(12, PP 7-10) has discussed some of the practical problems connected with
the two methods of responding, but no studv has been found which compares
them experimentally.

However, Evans, Glaser, and Homme (8) did compare the effectiveness
of the construction method of responding with no overt rusponse at all.
In this experiment, twe groups of subjects learned a program entitled
"Fundamentals of Music." One grour mede one or more written responses to
each oreblem, while the other zroup made no overt resvonses. Interest-
ingly erough, the group which made no overt responses spent less time in

AADC TR 59-503 3
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lenrein  and pyprued h“'v)“‘l‘ retention btest nooren then did the proup which

rospandied overgly ”0,“"Ch srobleme  However, the diftercnces were not
statiction]ly Btynif’c””t. This variable {a worthy ol more caretul
ntlenuion, {iin(w it B "“H{‘, ibla thant nt least gome resvonnos need be made

only covertly,

—~

eyt e S h . :
ChurnnnvtiilgfpttW‘JQ«S C“nrirmlnr Mechani sm
o —— . e " - r——

Gilhert (yo2, of 10‘]3) nas detfined the confirming mechunism of n
tenching deviee nw by My, g by which the lenrner receives infornmation
As to the COY'I‘(}()?:F}C?HF of hi s r;i!S(‘(‘i‘.Se to & rivgn problem. The designera
of self—instrucLinﬂ”l do“icgs Fréquently aséume thot confirmation also
vrovides reinfyreoreti g Which in turn rroduces more respouses. However,
the present wri ter 067U0S oh Gilhert that contirming and reinforcing
mechunisms might bes® bo liseusced separstely, since they refer to
soparate clasres of 17N ont variables of which the effectiveness of

automated instpuctiol "Lohy pe a function.

The confirping M®he, {1 employed in self-instructional devices can
be varied in ag leaf® YWo ;o tant dimensions. First, they may vary in
the type or amgunt of i“fbpmhticn provided to the learner; and second, they
may vary in the temP?r”l dela netween the response of the learner and the
delivery of the COﬂrlrm”tion.‘ 1hese sub-classes of variables will be
discussed separately®

Irien and 3ri g (15) have described four types of confirming mechanisms
approoriate to the Pr®SSey yipe of gelf-instructional device. The first
is the cuiz moge, 17 “mieh the learner, ov pressing & snecial button, inter-
rogates the machine 2S to which of the 2J options is the correct one.
Immediately & 1izht ©OMes )¢5 indicete the correct option. The second
confirming mecheni s 18 Cgyjed the moditied-quiz mode, in which the learner
presses the button BdJ?Cent to the option which he believes is correct.
If the correct optio" 1§ ¢ cen, & green lizh% adjacent to that option
comes on. 'f tpe ortion i3 incorrect, both a red "wrong" light and the
green light next to the Coprect ootion come or. In order to proceed to
the next problem the lea*ner must first rress the button next to the correct
obtion. The third confirming mechanism is called the practice mode, in
which the leerner i5 T€QUingoq to keep choosing ovtions until the correct
one is chosen. The 12st Confirming mechanism is the single-try mode, in
which the learner c¢f” ¥®Spg,4 only once to each problem. A green light
comes on if the chol®® 1s ( rect; if the choice is incorrect, the red
light comes on, The? the next problem is presented.

Irion and Brigt® ©OMpyred the effectiveness of' the four tyoes of
confirming mechanism® N en.p of three types of learning tasks: serial
learring, peired-ass9©1%te . apming, and problem solving. Independent
groups of 20 sypject® €8Ch ore -iven 20 minutes of practice under one of
12 experimental GOndltlons. The dependent variable in the experiment

NADC Tz 59~503 4
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Wit Lhe pumbor ot vrrore comed tted on nc rotentbon test plven brmedinte Ty
nt'tor Praotice and wwo weeks Antero In ponorn ], Lhe relatlve eftfleleney
ol tho paye Lvpes of conttembar mechaniamn wnn o the following order:
qutz moge, modl ticd=qula mode, practico mode, snd sivg Te=try mode . The
amount p i f'terence tno o ieieney varied anon Fonction of Lhe tyvpe of
learnln. guuk.

Mrertunetely, the tunes ot contivention studbed by T P
WHIC Syen that o number ol basic fondereadent varinables mrobabhly wore
inc1dpy, wor example, as Irion and “ripcs point out, 1t mny bo thnt,
the qhigz mode of contirmation broved to be pencrally the most atfeative:
(1) bOequse 1t permitted more nructice trials per nnd t=time, (0) boenuse
1t redyged the number of errors which could be commi Lted, (%) buchuse Lt
eliminated the aversive stimulation resulting from the wrror buwzer, or
(4) booyune ot some combination of these varinbles. Althourh Trion and
nripes apswered an important practical qu stion, it would seem thuot,
Ultim“tely, the problem of optimizing the contf'irming mechanism of & self'-
instrugtional device must be attncked in such n fashion that tho oi'fects
of each yariuvle can oe vroperly intervreted.

M

Ihyestigators who prefer to have the learner construct his answers
to probjemy, rather thun simply recognize them, have also employed at
least tyo types ot contirming mechanisms. Skinner (32) has used & device
which presents the learner with the correct answer to & problem s soon
as the jgarner comnletes his response, whether or not the response is
correct, 1y recycling the program, the learner eventually enswers nll
probleng co}rectly. Recently, Skinner (35) expressed dissatisfaction
with thig device because the secornd attempt to answer & given problem
mey be partly under the control of the previously revealed resnonse.
Skinner hag also developed a device which continues to present a given
problem until the learner responds correctly. These two types of confirm-
ing mechanisms parallel Irion and frigers' quiz mode and practice mede,
respectjvely.

Gilbert (12, pp 10~15) has discussed some of the oractical problems
connected with the use of the gquiz mode and oractice mode of resronding,
end he pas guggested a third method of responding. It incorporates
featureg of both the construction and the recognition methods of respond-
ing. When faced with & given problem, the learner first constructs his
ANSBWEer ; thep he views & number of alternatives and chooses the one which
most Closely resembles his response. The machine then informs the learner
88 t0 the correctness of his choice. Gilbert has also suggested that the
confirming mechanism might present additional informetion at the same
time it confirms the learner's resvonse. The promise of this latter
SUEZEeStion is supported in the findings of Evens, Glaser and Homme (8),
who showed that the learner need not respond overtly to all of the
materiagls in a progrem. To date, none of these suggestions has been
subjected to experimental comparisons using the construction method of

responding.
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Contioeration shonid De L fuerns Lo D her o grien b one hnvings Lo ao
with tew reintorcin s ehnracner srics of nelfainepractionnl aecjeen s slret,
PLoin frecnently o wtateedl Ui b ephans Bheomoct fmportant nere b pesvebting
from aanomnbed instruction e the trednent poiporeoment wnich e Jenrner
rocrd vt e onever, an bmoortoat ques Lot to o no oanswered oo whetber the
B! b, reraits Pram o peaetice et of Prom o fnereane o mativatdon=
Le=lrnrne  Ne o expepimentn wnieh bear direet)yoon this o problom bmve neen
uncevervd, bnut Michnel and Maceoby (02) vertormed o relevant exveriment on
the oot o tradnine 1lms on test pertormance,  There workers aoneluded
thnt Lhe benetit from audiones particitAtion geens to staem primsrily from

tne crfeets of nractice, and net from A incrence in motivation.  Wore

rospareh acems reauircd on thig importuant auestion within the context of
rmabomated instructions

A second aquestion relatedd to reinterein,: charncteristics off self-
instructional devices stems from n warning made by both Forter (24, p 115)
and Keislar (17) ot a novelty effect in connection with the ure of con-
firmntion ng the sole reinforcement. t mavy well be that confirration
wonld lose its reintorcing property ovel a period ot time. Porter (25)
reports thut the advantu;e of antomated Instruction over » standard method
of teacrin,; showed no diminution over # deried o five months. However,
more research is necessory before we Cin be suyre thnt contirmation can be
relied on to maintuin its reinforcin, Proverty tor lonser veriods of time.

A third guestion has to do with the ontimal schedule of reinforcement
to be employed. Most researchers agree thay the oregsram should be cere-
fully calibrated so that the rrobeability of the learner's answering questions
correctly should be very hirh, resulting in a schedule apvroaching 100 per
cent reinforcement. Skinner (32, p 45) stated thnt the comnletion of a
given number of problems on his machine also constitutes reinforcement.

t'e thinks that learners are operating under a special type of partial
reinforcement schedule which has been c&lled "reinforcement on a fixed-
retio with counter." Further, both Pressey (27) and Skinner (32) think
extrinsic reinforcement migzht also be emoloyed. WNo research has been
uncovered which tells us about the ontimal kinds and schedule of reinforce-
ment to use.

Finally, one should be careful to distinpuish between two kinds of
events which mijht be reintorced. The first is responding ner se, and the
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svacr s is resvondings correctly. Fresumebly, the second xind of event is

tre orocer one to reinrorce. Skinner (33, o 45) revorts thut leesrners
have o tendency to resnend carelessly during the first cycle of the pro-

wr"*, wrussins to s lock ¢t the correct snswer to clear uo the assignment.
e Tzl"‘t this tendency to too high & level of motivation, stemming

05
from LIE ¢ign of nis machine, nresumasly the reinforcing mechenism.
: 32-37) hes sugcested that the freguency of deliherate
i1l br reduced bv imrosing & 5-seccnd delsy in presentirg the next
niem, whenever such errcrs occur.

D4 feens clear 'rem this brief discussion thet the nature of the rein-
Yorcerent erpleved in self-instrucvionel devices has not yet been carefully

arelvzed, much less sdegnntelr studied.

DEARKACTL STICS O Tim PROCRAL

Pro_rupzing refers to the errtugement of meterials te be learned in
dur ol nresenugeticn which will tend to meaximize the rate of acqui-

o
siric: sud remention. It is possible that scme simple tasks reguire
lityle in the wavy ci prooreamming, out it is very likely that the develop-

v

nent of elficient vrograms to ne used in the teaching of comolex skills
mist weit on & thoeroush functional snxlysis of the characteristics of a
orosren which influerces both rete of scquisition and retention.

teupts nuve oeen mzde to progrsm meany different kinds of subject
.;ing from tre tesching of contrect bridge {7) to the detelop-
cerisl swills (2%). Fowever, the present paeper is not con-
cerned with cna pro-ranring of =ny oarticular kind of subject matter, but
rutrer witl the chsrscteristics which ure orobebly common to meny kinds

¢l naterinls.

Skirner (22, 33) was the first investigator to give serious attention
to the wproonlenm of progranming for eutometed instruction. More recently,
vilrert (11, 12) has Zescribed in considersble detasil some of the principles
cf Brecre ~mrosition. In oddition, Crowder (5, 6, 7), Meyer (21), Beck
(1), end ~laser, “omme snd Evens (13) have made importent contributions to
our urderctending of the process. The description which follows is &n
synthesize come of the views of these investigators. The
directly concerned with the development of verbal and symbolic
t ri.h%t alsc apply to the development of psychomotor skills.

atremrt Lo
analvsis i
vl

skl

e

, 5
1s, t

b=

vever (21) has cescrioed three major steps in composing & program for
tre eotomntic teachings of 2 csiven subject. A description of these steps
s~uched in terms meaningful either to the curriculum specislist or
reveaolosist. In the interest of clerity, the writer intends to

~t roups of terus
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Programming as the Curriculum Specialist Views It

From the point of view of the curriculum srecialist, the first step
in program composing is to delineste the entire field or subject matter
to be taught. Terms, methods, facts, principles, theories, etc. must be
collected. (One might think of these as answers to questions which might
appear on & final examination for a given course-) The second step is to
ascertain the learner's level of understanding of the su-ject matter before
any training has begun. The third step is to arrange the subject matter
into & logical order which is conducive to rapid learning end good retention.

The arrerngement of the subject metter into & logical order can oe
further analyzed into three distinct steps. First, a hierarchy of the
materials must be established, so that the learner will first master ele-
mentary skills which he will later use to develop more complex ones.
Second, the materials must be arranged in steps small enouzh to be taken
readily by the learner without being so small as to impede learning.
Finally, the program must provide for sufficient learning at each step in
order tc be sure that each steo will be adequately learned. Otherwise,
forgetting might well take vlace before the skill is put to use later in
the program.

Programming as the Psychologist Views It

The osychologist who is interested in the study of the process of learn-
ing might describe in quite different terms the steps involved in composing
a program for use in self-instructional devices. Presumably the psycholo-
gist's major contribution to the study of automated instruction techniques
would stem from his understanding of the optimal means of effecting the
transition from low to high levels of proficiency with respect to the
sub ject matter to be learned. For this reason, & somewhat detailed analysis
of the program seems required, in an effort to isolate the varisbles of
which the effectiveness of & program might be a function.

For ease of communication, one might characterize an entire program
as consisting of three tyves of stimulus-response connections.* Terminal
S-R connections refer to the stimulus-response connections which we want
the student to learn. Initial S-R connections refer to those stimuli
which, at the outset of training, are already the occasions for those
responses which, to some degree, approximate the responses the programmer
wants to teach. Finally, transitional S-R connections stand for the steps

* In this paper, the term stimulus-response connection jg used only as a
matter of convenience. The writer does not imply an absence of covert
stimuli and/or responses which mediate the .onnection.
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which can be expected to mediszte the initiel and terminal S-R connections.
t number of transiticnal <€-R coanectvions might be required to bridge the
gup tetween a oarticular reir of initiel and twrminal S-R connections. The
first trensitional §-R connections would only crudely approximate the
termins i connections, both with respect to stimuli and resronses; the
second trensitionsl conrecticns would appreoximate the terminal connections
more cleseiv; the third even more; and so on, until the termninal 3-R
connections sre resched. Miyure 1 snows a schematic reuv: :sentetion of this

concevtion ol & pro; rame.

'
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Figure l. Yatrix sncwin, f:. - development of & program from

v

us-response connections, through the
cornscticns, and finally epproaching
stimulue--esponse connections.

initial stimu
transiticnal
the terminal

The dsychologist mizht continue nis unwlvels of orogramming by point-
ing to two problems connected with tne ordering of materials to be used in
automated instruction. First, the learrer must be caused to emit the
appropriace responses, and seccend, these resronses must be orougnt under
the control of the aorropriete stimuli. Clearly, these operations cannot
ve performed in one great step from the initial to tne terminal S-R con-
nections. Rather, a series o! intermediete sveps musc be established which
guide the learner at every toint along the way. At the outset, the pro:rem
should consist primarily of initial S-R connections. The topograchy of
these connections must under:o 2 svstemastic change to become trensitional
S-R connections, and these must undergo furtner cnanges, until the terminsl
S-R ccnnections are reached. At lesst two well-known processes of condition-
irn- seem to ve involved in chan;/ing the topogrerhy of the S-R connections.

o
They are stimulus-discrirination eand resnonse difterentiscion.
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Various investigmcors have descrived three step: involved in guiding
the learmer through tne program from initial S-R connections, throeugh the
transiticnal comnections, to the cterminal connections. In order to simplify
matters, consider the develooment of only one terminal S-R% connection.
¥irst, the stimulus of the initial 3-R connection is pairea with thne stimulus
of the first trunsitioral §-R conrection. (The reader will recall that the
former tyve o!f stimulus is, by aefinitioa, already the occasion for the
response which apvroximaves the aesired one.) iinen these two kinds of
stimuli are vaired, the learner’s rirst resvonse should be the resoponse of
the initial $-R connection. ilbert {11, pn 20-23) calls tnis process
auzmenting.

The secornd step in the process is Lo extinrulsh the resconse of the
initial &-H counnection throush non-reinforcement,* thus permitcing the tirst
transitionsl response to appear and be strengthenea vhroush reinforcement
(Skinner, %4, p 970). The third step in the vrocess 1s gracuslly to elimi-
nate the stimulus trom the initial S-R2 connectiion, leaving only the stimulus
from the rirst transitional S-] connection. This precess has been called
fading or vanishing (34, p 972 and 11, vp 23-26). The connection 1s said
to be established when only the stimulus from the first trunsitional S-R
connection evokes the response irom that connectione.

The tnree steps muy then be reueated by pairing the stimulus trom the
first sransitiounnl S-R connection with the stimulus from tne second tran-
sitional S-R connection. Then, by differential reinflorcement, the response
of the first transitional comnection is weakened and the resnonse of the
second transitional connection is strengthened. text, fade or vanish the
stimulus from the first transitionai counection, leaving only the second,
until the second trensitional connection is firmly esteblished. This
process is repeated over and over, until finally the terminai S-R counection
is estuoblished.

At least two classes of indevencent variables ure sugsested bv the
present analysis. The first variaole nas tc do with the amount of stimulus-
augrmenting built into the program. In other words, the extent to which
the correct resvonse is prompted by stimuli which accompuny the probiem
is a variable of which the efficiencyv o1 a program might be a function.

The impolication is that there is an ontimum degree to which the sti:aulus

. of the first transitional S-R conunection should be augmented by the

stimulus of the initial S-R connecticn. Too high a degree of augmenting
would waste learning time, while too low & degree of augmenting would
result in frequent errors.

* In this case, extinction is assumed to be either stimulus- or response-
produced, and in either case, it does not neceszarily require overt
responses on the part of the learner.
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The second variable suggested by the opresent analysis is the rate of
fading of the augmenting stimuli, once the resronse of the first tran-
sitional S-R connection has been evoked. Once again, there should be an
optimum rate of fading or vanishing of these augmenting stimuli. Too
slow a rate of fading would waste leerning time and too rapid a rate would
result in frequent errors. The frequency of errors committed by the
learner as he proceeds through the orogram can be manipulated either by
varying the amount of augmenting or the rate of fading. The effect of
frequency of errors upon the efficiency of a program is discussed later.

In addition to the methods already described, Skinner (33, pp 38-40),
Beck (1), and others have suggzested a number of techniques which might be
used to evoke correct resvonses from the learner at every point in the
program. 3Jeck has called these rules of programming and has attempted to
classify them. One %technique consists of giving the learner some materials
to read, either befcre he sets to work on the program or while he is work-
ing on it. Another technique involves the use of the context of the
oroblem &8s & means of eliminating some strong competing response. For
this purpose, the correct answer might require a word which rhymes with &
word in the problem or vhich is the ooposite of a word in the problem.
All sorts of techniques have been suggested. It seems clear that these
techniques simply provide stimull which reduce the probability of an
error resoonse which might otherwise occur. In a sense, the techniques
provide for something akin to stimulus-produced extinction.

It is clear that the conception of a program as described in this
paper does violence to "programs" as they avoear in real life. Skinner
(35) has already noted that it is probably unwise to teach students
specific resoonses to specific stimuli. Students should learn to respond
correctlv to questions abeh particuler subject matter, but they should
also be able to deal effe.i.ively with closely related materials not
oresented in the orogram, and certainly, they should learn to answer
questions in their own words and not simply parrot the responses as they
aopeared in the program. In short, the leerner must establish relations
between a class of functionally equivalent stimulus events and a class of
functionally equivalent responses. There, the writer would agree that it
is probably impossible to specify completely the terminal S-R connections
or the initial or the transitional S-R connections.

However, such considerations should not lead us to stop building
models, especially if the model permits us to see more clearly some of the
variables wnich influence behavior in & learning situation. The present
analysis cannot be said to say enything new. Researchers interested in
programming have already implied all of these processes. It merely
summarizes their thinking to make the current issues more explicit.

It should be noted that the matrix shown in Figure 1 is defective on

at least three counts. First, the matrix fails to show that some tran-
sitional S-R connections are also terminal S~R connections. Second, it
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P&ils to méke clear that two or more transitioral connections might be
Compiped tO form one terminal connection; end third, the matrix fails to
Shey the® & given transitionel conncction might olay a role in the for-
?Qtion of more than ore terminal cornection. A& more complex matrix could
lhcorpor‘ate all of these feetures.

S“urccs o' brror in Program Jriting

r¢ 18 relatively easy to describe in generalized stimulus-responcse
ebms’chﬁ réture of a vrogram to be used for the autometic teaching of a
Subﬁecﬁ: but it is quitve another matter to svecify rrecisely how to go
bO;t comPOSing one. At least five sources of error may enter into the
Pocess * First, the programmer may incorrectly specify the sum total of
the terminal S-R connections to be formed. This would amount to saying
that ghe CWriculum srecielist failed to delineate comoletely the subject
matter to be taught. Second, the programmer may err in his estimate of
Yhe oyvent Of the initiel S-R connections, which amounts to saying that
Yhe CurriCU1Um specialist overestimated or underestimated the learner's
®ve1 of understanding of subject matter before treining has begun. Third,
Ne ,posFeMRer may not rrevide for sufficient conditioning of one or more
b&né;cionﬁl or terminal S-R connections. This error would be comparable
to he failure on the pert of the curriculum specialist to vrovide for
Sufficient training on eny asnect of the subject matter. Fourth, there
hay pe ON€ OF mcre defects in the order of the progression of the tran-
“"tiopel S-R connections. In the narlance of the curriculum specialist,
Sueh p de7ect woulé amount to teaching complex skills before the learner
RN mastered more elementary skills which make up the complex ones.
"ing11ys the programmer mey make oremature progressions in the topography
op the‘transitional S-R connections. To the curriculum specialist, this,
me&ns ghe level of comnlexity of the subject matter is being raised too

83 41y and the learner cannot keep up.

In considering these five sources of error inherent in the process
o ComOOSiné 8 orogram, one should keep in mind the important concept of
lhdividual differences. For example, the initial S-R connections and the
o of conditioning required at each transitional step may differ
?Qnsiderably from one learner to another. This problem and ways of deal-
lhg with 1% Will be examined later in this report.

y of these five sources of error may seriously impair the effective-
hess of & Program to be used for autonated instructional purposes, and the
Sheer r]umber‘ of sources may lead some to believe that there is little
Qhance of writing successful programs. Indeed some of these errors haove
&lbeady been reported in the literature. Meyer (21) apparently over-
estimated the extent of the initial S-R connections. In developing &
pbov for the teaching of arithmetic to elementary school children, she
&SS:med thet the children could match numbers which were presented as
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stimuli with numbers tc be used as responses. The program also assumed &
miniral readin. vocabulary (words like "is," "here," "and," etc.). Later
Mever found that these assumotions were not warranted.

Voreover, Keislar (17), who develooed & program for the teaching of
certain mathematical concents, also aovarently erred either by making pre-
mature treansitions of the transitional S-R connections toward the terminal
connections or by failin- to provide for sufficient condition once the con-
nections had been established. Keislar revorted that subjects made too
ranv errors in goiny through the relatively short program. Undeubtedly,
other investi;ators have committed one or mecre of the five kinds of error
here described, without revcrting it. Roth Meyer and Keislar attributed
the faulty performance of the learuers to defective progrems. Although
such errcrs clearly point to the need for further research, teachers who
emnlov the more conventional methods ol instruction might be less inclined
to be sc self-critical.

Tn anv event, the sources of error which enter into the composing of
8 orcorem to be used in & teaching device are precisely the same ones which
enter inco the use of standard pedagosric methods. Further, although the
evidence is rar from clear-cut, it apnears that when self-instructicnsal
devices are experimentelly oitted against standard methods of instruction,
the former prove to be the mcre effective (26, p 139; 8).

A FUNCTICHAL AMALYSIS OF THE PRCCESS OF PROGRAMMING

Severel investipetors have descrited what have been called principles
of vrogramminz and while there nas been considerable overlapping, each
Worker nas conuributed something new. The present writer has attempted to
incorporate into one statement the principles which have been suggested by
Skinner (32), Gilvert (11, 12), Meyer (21), and Glaser, Homme and Evans
(13).

However, it should be noted that these principles of programming, &s
stated by most workers, simply constitute problems which the programmer
faces when he attemots to compose a progrem. As such, they offer no
solutions and each programmer must solve these problems as best he can.

In the interest of scientific efficiency, each of these principles might
better be thought of as a class of indevendent variables of which the
efficiency of a program might be a function. Glaser, Homme and Evens (13)
apoear to think of them this way, and these investigators have already
begun a functional analysis of one class of wveriables and have suggested &
line of attack uvon another. Such functional enalysis of the process of
vrogramming provides & convenient framework in which to summarize previous
reseerch findings and to suggest new approaches which might be taken. A
descriotion of five classes of independent variables which may influence
the effectiveness of & program used in self-instructional devices\follows.
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l. Relevance

At the outset, the prograumer must specity precisely the terminal S-R
connections to be formed, i.e., what responses are to be brougnt under
the control of what stimuli. Skinner (32, p 93) tirst described this
princiole, but the term relevsance comes from Gilbert (11, pp 10-17), who
stated that the problems to be vresented in the prrogram should represent
the kinds of problems which you wuant the learner to solve, und the
responses in the program should approximate tne resoonses you want him
ultimately to make.

Glaser, Homme and Evans (13) have reference to relevance variables
when they sveak of "behavioral end-products” and they emcnasize the
importance ot sovecifyving precisely wnat torm the skills to be learned are
to teke. For example, the optimal properties of both the teaching device
and the pregram are likely to depend on wnether tne learner is to acquire
ffacts, solve vroblems, or meke przctical applications of the materials to
be learned. This is the old oroblen of transfer from the learning situation
to the task for which the learning is intended. Porter (24, P 136),
Kendler {(18), and Keislar (17) have ciscussed some of the problems of
transfer which might arise trom the use of self-instructional devices. In
short, these investigators seem to be sayving that a complete functional
analvsis of the process of orogramming would include consideration of the
problem of transfer from the training situstion to the actual task situation.

2. Availability -

The programmer must also specify precisely the initial S-R connections,
i.e., those connections already in the learner's revertory which apnroximate
the terminal S-R connections and from which the transitional S-R con-
nections are to be developed. Skinner (32, p 93) and Meyer (21) have
described this principle but it seems to have been overlooked by others.

To the writer's knowledge no research has been done on tne oproblem of
specifying the initial S-R connections, on which the program is to be built.
Presumably, most researchers tliink of this as & problem for the curriculum
specialist or the psychological tester.

3. Sequence

The programmer must soecify the optimum order of presentation of the
transitional S-R connections which will enable the learner to proceed from
the initial tc the terminal S-R connections in such a way as to maximize
the learner's performance on some criterial measures of learning and
retention. Gilbert (11, pp 26-28) described this class of variables, but
he had reference to the ordering of mechine instruction with expository
teaching and simulated field experience. In the present paper, this class
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of variables is given a broader definition to include both the views of
Gilbert and those of Glaser, Homme and Evans (13).

Althouzh no research has yet been done within the context of automated
instruction on the problem of how best to order a program, two suggestions
have been made. Skinner (34, p 974) thinks thet, if possible, a single
program should be develoved through which all learners must proceed. This
might be thought of es & straight-line program. On the other hand, Crowder
(5, 6, 7) has developed & program which permits the branching of the subject-
matter so thet allowances might be made for characteristics of the individual
learner. More recently, Gilbert (12, pp 19-23) has presented a rationale
which gives his reasons for preferring the straight-line to the branching
tyoe of program, but he voints out that the issue must ultimately be resolved
by the apvropriate experiments.

#nhether ore uses the straight-line or the branching program, the
problem of sequence still remains. Proper sequence would permit the most
rapid shaping of the learner's behavior and result in maximal retention.
The process of shaping has been described in this report in terms of the
well-known processes of stimulus discrimination and resvonse di fferenti-
ation, and the writer has proposed two independent variables of which the
efficiency of a program might be & function. So far, no research of this
tyoe has been published.

4. Stepping

After the proper secuence of transitional stimulus-response connections
has been developed, the programmer must specify the size-of-step from one
transitional S-R connection to the next. The size-of-step can be defined
overationally in et least two ways. When it is used as an independent
variable in an experiment, it is usually svecified as the number of steps
in a orogrsm which takes the learner from the initial to the terminal
stimulus-response connections (15). The greater the number of steps, the
smaller the median size-of-step. WWhen the term is used as a dependent
variable, it is usually specified by the percent of incorrect responses.
Thus, if learners make few error resvonses on & given program, the size-
of-step is inferred to be small.

At one time, Skinner (34, p 975) believed that the size-of-step should
be so small that the learner rarely if ever made error resvonses, but more
recently, he has adooted the vosition that the optimal size~of~step is an
empirical question, which may be answered by finding the size-of-step that
maximizes learning and retention (35, p 1).

In one of the first exveriments designed to provide a functional
analysis of the process of orogramming, Evans, Glaser and Homme (13)
investizated the effect of number of steps in a program on learning time,
on the freguency of errors during learning, and on immediate and delayed
test verformance. ¢ing a single program on elementary number theory,
these workers varied the number of steps over four values: 30, 40, 51 and
67. Since the initial and terminal stimulus-response connections were

)
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held constant, vresumably the greuter the numver of steps, the smaller the
median size-of-ster. Indevendent groups o five subjects each were used.
The results show that, within limits, increasing the numcer of steps in
the program resulted in decreasses in the number of errors on immediate and
delayed performance tests. In addition, smaller steps also resulted in
less time-ver-stevo and fewer errors during the course of learning. Evans,
Glaser and Homme point out that the ovtimum size-of-step might be expected
to vary as a function of the tyoe of subject matter being programmed.
Clearly, further research is in order before this important question can
be answered unequivocally, but & start has been made.

5. Maintenance

The programmer must specify the amount of conditioning required of both
transitional and terminel stimulus-response connections to guarantee
adequate learning and maintenance of these comnnections. Gilbert (11, pp
17-20) has discussed this problem in scme detail, under the orinciple of
repetition. Xe states that optimum revetition requires the use of a
minimum numper of problems and & minimum sample of problems in a given
class and & minimum amount of time invested per student which will produce
8 satisfactory probability of correct resvonses. He suggests that review
materials be seeded at various points in the program to be sure that tran-
sitional stimulus-response connections will be maintained. Although the
oroblem of revetition or maintenance lies clearly within the province of
the psychologist interested in the learning process, no experiments were
found on this problem as it relates to automated instruction. However,
the abundant data on overlearning and underlearning (36, po 728-732) seem
aporopriate.

CHARACTERISTICS OF Tk LEARNER

A third ma jor variable of which the effectiveness of automated
instruction might be a function hes to do with characteristics of the
learner. The concept of individual differences has been implicit through-
out the preceding discussion of the variables which might influence the
efficiency of a program to be used for the automatic teaching of a given
subject. For example, the kind and number of initial S~R connections
available to the programmer for use as starting points for the program
will obviously depend on the learner's previous reinforcement history.
Moreover, the learner's intelligence and his aptitudes and interests
with respect to the subject matter being taught might influence the
characteristics of the program having to do with repetition, sequence,
and steoping. Although other workers have implied that the concepot of
individual differences is important to a discussion of the variables which
affect program efficiency, only Glaser, Homme and Eveans (13) have mentioned
it explicitly.
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One might nvoctSsize that effective instructional devices mizht wipe
out differences in ﬁChieVQment measures associated with intelligence or
apticude Lest verfor™nte oy pindings of & number of experiments seem
to sucport this hyp0o""€Sls, porcer (26) found that the correlaticn between
I3 and achievement 17 S0P® 1\iny wes not sigrificantly different from zero
for a grouo of 1earn®TS ty, . pt by & self-instructional device, but among
the control subiectS “BUghy in the standard fashion, 8 significent positive
relationship was 0o Ip;on and "riggs (16, p 8) revorted that scatter
plats revealed 1ittl€ rela.j nship between intelligence test scores (Otis)
and retention, aftef_le“rning by self-instructional devices. verster and
Sanon (9) reporzed SiMilay pindinzs between aptitude &nd achievement in a
course in Zerman. (*N8l1ly r1imgdaine (20) found that the advantagze of
active or nascive 87 %iClyi jon in a simple learning task decreased with
increases in intel 1iiSncCe

One exvlapatiof “Miey 5 nt be offered to account for the decrease in
correlation begween #SPiey ont and intelligence or aptitude test per-
formance is that the.leerning of 8 subiect by teaching machine results in
more homogereoys 8chieveme +“coores. Homme end Glaser (15); and Evans,
Slaser and omme (1% T®Rory data in suoport of this hyvpothesis, but
Keislar (17) found snat Magnine instruction rendered the learners more
variaple on ithe achiGVement meesure than the control groun. Clearly,
more resesrch of thiS §Ory is necessary before we can be sure of the
effects of autometed 105ty ccion uoon relations between achievement and
its clessical DrediGtOrs,

Porter (26) is the Onjy investigator who has revorted on relations
between & few pon iﬂt&llectﬁa1 factors and achievement test scores earned
by learners who useé Wh€ ¢ hin, machine. He found no relationship
between the sex of bhe Stygent, the liking for the instructional method,
and achievement. T'®S® ’;. other non intellectusl facters, such as level
of anxiety of gpe 188TNer — g.cerve careful attention.

It should pe pobed that the studies described in this section simply
relate some charactef1sti{,  ,f the learner to achievement resulting from
automated instructioh, s opposed to instruction by way of more standard
teaching methods. fhile subﬁ studies shed light on this importasnt problem,
they do not taych of the . iyie interactions between characteristics of
the learner ang the Other’ . .igples which influence the effectiveness of
automated instructi®®« By oxample, & study relating optimum size-of-step
to the intellic~ence ©f thy 1earnér seems verv much in order. Such a study
and others lik; it W?Uld add the concept of individual differences to the
other classes of vaflables g1l of wnhich must ne examined as & part of a
functicral anajysis of autémated instruction-.

SUMMARY

This report has SOUsht to review the current literature of self-
instructional gevic®® Wity tpe aim of identifying and examining significant
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coONncedLe uny4 issues. Three me jor parameters are thouht to determine the
efpebleeqpss of sclf'-instruciicn. These are (&) the characteristics of
the Zevige or sitnation, (b) the characteristics of the orosram, and (c)
the chapgeterictics of the learner.

Device characterirstice ere thourht to be a function of disolay (input)
chAracterjstics, resconse (output) characteristics » and means f'or enhancing
desireqd peregrmance.  With resvect to the latter factor & distinction is
mede Detyeen characterictics of the contirming mechuanism end characteristics
of the reinporcement rechanism. Me Jor attention was deveted to an analysis
of the drccess ol programming.  Sundry veriables on which the effectiveness
of “Togramt may depend were sugrested and discussed. A dearth o relevent
exverimen g3 studies was roted. A vrcvisional model of the learning
DroceSsey 4o ne controlled by effective orojgrams was presented. '1na11v,
the effecte or individual differences on self-instruction were considered.
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